INTRODUCTION
As the main source of vegetable oil, oil palm supplies most of the demand in the world (Shahbandeh, 2019) . It is possible that the oil palm demand is still increasing in the future. To meet the demand for oil palm which may reaches 240 x 10 6 tons (Barcelos et al., 2015; Corley, 2009) , the supply will require more productive oil palm varieties. The improved oil palm varieties can only be developed through structured breeding program.
Illegitimacy is not desirable in a controlled pollination in breeding programs of oil palm (Elaeis guineensis). The percentages of illegitimacy in breeding of oil palm is affected by many factors, such as the flower biology (the presence of hermaphrodite flowers), errors in pollen collection, and damages by animals and the environment factors of the bags used to cover oil palm flowers. The damage cover bags allow illegitimate pollination by the Elaeidobius kamerunicus weevil (Corley, 2005) . Previously, it was very difficult to identify the illegitimate oil palm seedlings. However, with the advanced of molecular biology techniques and the development of co-dominant markers (i.e. simple sequence repeat markers -SSR), such undertaking has become much easier at present.
The SSRs are repeated DNA sequences with a repeat unit of two to four nucleotides. It has been reported that the SSRs are presence and distributed widely in genomes of many plant species (Billotte et al., 2001; Delseny, Laroche, & Penon, 1983; Tautz, 1989; Tautz & Renz, 1984) . Simple sequence repeat markers are developed by amplifying the targeted SSR sequences using PCR. Copyright © 2019 Universitas Brawijaya Many studies have shown the presence of a high allelic variation among different plant populations (Illahi, Wiendi, & Sudarsono, 2016; Larekeng, Purwito, Mattjik, & Sudarsono, 2018; Oktavia, Kuswanhadi, Dinarty, Widodo, & Sudarsono, 2017; Purwoko, Cartealy, Tajuddin, Dinarti, & Sudarsono, 2019; Sulistiyorini, Rubiyo, & Sudarsono, 2018) . The SSR markers are used as powerful tools for supporting plant breeding of many perennial crops, including oil palm (Ajambang, Sudarsono, Asmono, & Toruan, 2012; Budiman, Apriyanto, Pancoro, & Sudarsono, 2019; Larekeng, Maskromo, Purwito, Matjik, & Sudarsono, 2015; Maskromo, Larekeng, Novarianto, & Sudarsono, 2017; Natawijaya et al., 2019; Tinche, Asmono, Dinarti, & Sudarsono, 2014) .
Plant genetic analysis using the SSR markers are preferable (Saghai Maroof, Biyashev, Yang, Zhang, & Allard, 1994) because the SSR loci are abundant and widely distributed across the plant genome. Simple sequence repeat markers are co-dominant markers and the allele variations in the population are very high. To generate SSR marker is fast and easy to perform since it belongs to PCR based markers. Allele configurations of the SSR marker are easy and relatively simple to interpret. Finally, if the primer sequences are available -the generated SSR markers are easily transferable to other laboratories. Because it is a co-dominant marker; plant geneticists can use the SSR marker to differentiate between heterozygous from homozygous individuals (Akkaya, Bhagwat, & Cregan, 1992) .
The power of SSR marker in the genetic analysis also lies in its high discriminative ability to differentiate accessions among closely related individuals in a plant population (Ferreira & Grattapaglia, 1998; Mohammadi & Prasanna, 2003) . The SSR marker is also more reproducible than other dominant markers, its implementation requires low cost, low training level and capable of analyzing large number of samples through automatization since it should be possible to automate SSR marker genotyping (Hayden, Nguyen, Waterman, & Chalmers, 2008) .
In this study, we have evaluated techniques to identify illegitimate seedlings within the Dura (D) × Pisifera (P) oil palm half-sib families using simple sequence repeat (SSR) marker. This procedure is useful for ensuring identification of correct seedlings in the breeding programs and seed production of oil palm. The application of SSR markers in this study for identifying illegitimate seedlings has proven the beneficial use of molecular markers to improve oil palm breeding program integrity.
MATERIALS AND METHODS

Plant Materials
The studies were conducted at the Biotechnology Lab., PT. Astra Agro Lestari (AAL) Tbk., Pangkalan Bun, Central Kalimantan, Indonesia during the period of April 2014 -April 2015. The oil palm leaf samples were taken from nursery garden of PT. AAL. As many as 83 progenies from four families of half-sib populations were used in this research. The four progeny families were originated from crossing among Dura (D) × Pisifera (P) oil palm types. There were four D types of oil palms as the female parents and a single P type of oil palm as the male parent ( Table 1) . Each of the evaluated progeny family consisted of 20-21 individuals per population. 
DNA Extraction and SSR Marker Generation
Total oil palm nucleic acid was extracted from leaf samples (100 mg) using plant DNA extraction kit, that commercially available from Geneaid company. The RNAs were degraded using RNAse treatments (Sambrook, Fritsch, & Maniatis, 1989) . The total DNA quality and their quantity were evaluated using Nanodrop spectrophotometer (ND-1000 Nano-Drop Tech. Inc.). The amount of DNA was confirmed by electrophoresis of 2 ml of total DNAs in an agarose (1%) gel electrophoresis and GelRed was used to stain and visualize the DNA.
The primer pairs used to generate sixteen loci of SSR markers were reported by CIRAD. The primers were obtained from TropGENE Data Base (http://tropgenedb.cirad.fr/). The list of 16 pairs of SSR primers used to generate the SSR markers are presented in Table 2 . The designed SSR primers were used to figure out all of oil palm individual genotypes. The selected SSR primers have been used by Ajambang, Sudarsono, Asmono, & Toruan (2012), Billotte et al. (2005) , and Tinche, Asmono, Dinarti, & Sudarsono (2014) and are able to generate informative and polymorphic oil palm markers.
The fragment sizes of PCR amplified products were detected automatically using capillary electrophoresis. To facilitate automatic detection, each SSR marker loci was amplified using fluorescent labelled reversed primer with either FAM, HEX, ROX, or TAMRA (Hayden, Nguyen, Waterman, & Chalmers, 2008; Schuelke, 2000) . Each SSR marker locus was PCR amplified using protocols for PCR amplification as stated in Kapa 2G Fast Polymerase TM PCR Kit (Kapa Biosystems). The steps of amplification profiles consisted of: one time of DNA denaturation (95°C for 3 minutes), followed by 35 cycles of denaturation (95°C for 15 seconds), primer annealing at an appropriate annealing temperature for each SSR primer pairs for 15 seconds, and primer extension (72°C for 5 seconds). At the end of the steps, one cycle of final primer extension at 72°C for 10 minutes was added. The PCR amplification reactions were done in a Veriti 96 wells Applied Biosystems thermal cycler.
Fragment analysis of PCR amplicons for each of the SSR locus was done by First Base Lab., Malaysia. The fragment separation was done using an ABI Prism 3730 XL 96-capillary Applied Biosystem DNA Analyzer (Applied Biosystems Inc, USA). Subsequently, genotyping based on the fragment separation outputs was done using GENESCAN-500 (Liz) standard.
Data Analysis
Scoring of SSR alleles and genotyping data were supplied by First Base Laboratories, Malaysia. The raw data were generated using Geneious Software -Basic Version (Biomatters Ltd., Kearse et al., 2012) and exported to Microsoft Excel software. Subsequently, the data files were used for genetic diversity and population parameter analysis using the appropriate softwares. The parameters for population genetics were determined using CERVUS software ver. 3.0 (Kalinowski, Taper, & Marshall, 2007) while the illegitimate individuals existence among the studied oil palm progeny populations were validated using CERVUS and COLONY softwares (Jones & Wang, 2009; Kalinowski, Taper, & Marshall, 2007) .
RESULTS AND DISCUSSION
The allele numbers per locus for 16 SSR loci across the parental palms and the progeny populations ranged from 3 -8 alleles. The Hobs (observed heterozygosity) values ranged from 0.34 -1.00. The Hexp (expected heterozygosity) was from 0.38 -0.78 and the PIC was from 0.33 -0.73 (Table 3 ). The average of non-exclusion probability for a single candidate parent (NE-1P) were 0.63 -0.93, the average of non-exclusion probability for a single candidate parent given a known parent genotype of the opposite sex (NE-2P) were 0.45 -0.82. Meanwhile, the average of non-exclusion probability for a candidate parent pair (NE-PP) were 0.27 -0.71 (Table 3) .
The SSR markers had been widely used for genetic diversity analysis of perennial estate crops (Ajambang, Sudarsono, Asmono, & Toruan, 2012; Budiman, Apriyanto, Pancoro, & Sudarsono, 2019; Cochard et al., 2009; Larekeng, Maskromo, Purwito, Mattjik, & Sudarsono, 2015; Maskromo, Larekeng, Novarianto, & Sudarsono, 2017; Natawijaya et al., 2019; Tinche, Asmono, Dinarti, & Sudarsono, 2014) . SSR loci are co-dominant and are spreaded within the plant genome. Moreover, SSR markers are also highly polymorphic (Fujimori et al., 2003) . In this study, we used the SSR markers for evaluating the presence of illegitimate progenies in four populations of elite Dura × elite Pisifera oil palm (E. guineensis Jacq.) progenies. Copyright The SSR genotyping data analysis using CERVUS software resulted in the existence of significant deviations from Hardy Weinberg Equilibrium (HWE) for 13 SSR marker loci. Moreover, null alleles were also existed across the evaluated populations with the estimated frequency ranged from -0.27 to 0.12 for each of the individual locus (Table 3 ). The existence of null alleles was also validated by the departure from Mendelian segregation ratio which were determined for each locus and in each progeny population.
Paternity analysis of 83 half sib progenies from four female parents and a single male parent using 16 SSR marker loci showed all of the evaluated progenies belonged to the respective family and they were appropriately assigned to the expected Pisifera and Dura parents (Fig. 1) . Results of the analysis also showed there was no illegitimate individual among the evaluated oil palm progeny populations. This study also proved that eventhough without the genetic information of parents, analysis of the legitimate individuals is still possible using Colony Software. The Colony Software have been used to conduct parental reconstruction and to predict genotype of the parents based on the genotype of its progeny arrays (Jones & Wang, 2009) .
In breeding programs of oil palm, it is necessary to ensure that the individuals and the families used in the oil palm varietal development are originated from legitimate parents. Oil palm breeders use the family performance extensively. Subsequently, oil palm breeders also select the best individual within the best family of oil palms. Therefore, the existence of illegitimate progenies hampers the oil palm breeding progress. We can perform effective individual palm selection if family of the progenies are identified correctly and they are having the legitimate parentages. Oil palm breeding relies on progeny testing. In this scheme, individual oil palm parent performance is evaluated based on their offspring performance. Such progeny testing is not effective if some of the evaluated offsprings either are not the legitimate progenies or are the selfingderived progenies (Luyindula, Mantantu, Dumortier, & Corley, 2005; Thongthawee, Tittinutchanon, & Volkaert, 2010) .
To make sure that oil palm parents used for production of oil palm seeds are not related genetically, breeders of oil palm depend on the recorded pedigrees. Meanwhile, to generate a proper pedigree, the hybridizations need to be done correctly. Unfortunately, there are some technical difficulties to make precise and controlled pollination of oil palm. The cross pollination also prone to some potential errors. All of those errors may result in illegitimate oil palm progenies. The potential problems in conducting control pollination of oil palm include the pollination bag damages by animals or by oil palm spines, which result in the entrance through the damaged bags of pollen-bearing weevils and cause pollination contamination. Such pollination contaminations result in hybridization by illegitimate pollens.
Moreover, the male flowers may also exist in some female inflorescences and yield viable pollens. Subsequently, the pollens may selfpollinate the female flowers and produce illegitimate progenies. Potential hybridization errors may also occur because of the mistakes during collection or storage of oil palm pollens, at the time of female bunch labeling, during the seed storage or seed germination stages and within the seedling nursery. Mislabelling may also happen during the field planting in the progeny trials (Corley, 2005) . Because of those potential problems, pollination and subsequent seed production in oil palm breeding is usually subject to careful supervision.
CONCLUSION
The 16 SSR markers evaluated in this research show the PIC (polymorphic information content) values of 0.33 -0.73, which belong to mediumhigh. Therefore, majority of the SSR markers are informative and suitable for the parentage analysis. Based on our study, we are unable to find any illegitimate individual in the evaluated progeny populations. The use of SSR markers in this study is also successful in assigning and reconstructing the expected pedigree of the progenies. The evaluated SSR markers used in the study will continually be utilized to support improvement of oil palm breeding program and seed production management.
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